Abstract: White coat hypertension is characterized by the variability of a patient's blood pressure measurements between the physician's office and the patient's home environment. A patient with white coat hypertension has high blood pressure levels in the physician's office and normal blood pressure levels in their typical environment. This condition is likely caused by the patient's anxiety within the physician's office and in the presence of the physician. Research has shown that improving the relationship between a patient and their health care provider can decrease the patient's anxiety, with the implication of decreasing the patient's likelihood of demonstrating white coat hypertension. This review provides an overview of the previous literature regarding white coat hypertension, its prevalence, and the consequences for those who develop persistent hypertension. Furthermore, this review discusses the implications of improving patient and health care provider interactions through effective communication, empathy, and trust, as well as the implications for future research studies in improving the patient and health care provider's relationship.
Introduction
White coat hypertension is a condition in which patients experience persistent high blood pressure levels when they are measured at a medical office or when a physician is present, but normal blood pressure levels during their daily lives and while in their home environment.
1,2 Some authors use the terms "white coat effect," "white coat hypertension," and "white coat syndrome" interchangeably; others suggest "white coat hypertension" is preferred. According to the 2013 European Society of Hypertension/ Society of Cardiology guidelines, white coat hypertension characterizes individuals with office systolic/diastolic blood pressure measurements of 140/90 mmHg or higher on at least three occasions, with normal ambulatory or home blood pressure readings (24-hour ambulatory blood pressure ,130/80 mmHg or a home blood pressure reading of 135/85 mmHg). 3, 4 On the other hand, the Eighth Joint National Committee in the United States maintains that hypertension should be treated pharmacologically in those individuals older than 60 years who have systolic/diastolic blood pressure measurements of 150/90 mmHg or higher and those younger than 60 years with systolic/diastolic blood pressure measurements of 140/90 mmHg or higher. 5 However, because of the various numerical measurements used to diagnose white coat hypertension in the past literature, previous research has documented diverse effects on patient care and treatment. 2 The failure to adequately diagnose white coat hypertension with standardized measurements has led to the inappropriate prescription and overuse of antihypertensive medications for individuals who are not persistently hypertensive. 6 In this review, we provide the prevalence, etiology, and symptoms of white coat hypertension; discuss the consequences of persistent hypertension; and describe various methods for improving the patient-health care practitioner interaction and relationship to improve the accurate diagnosis and management of white coat hypertension.
Prevalence and measurement
Because of the varying measurements used between the office and home environment, doctors can mistakenly diagnose patients as hypertensive. Indeed, the prevalence of white coat hypertension has not been consistent across studies because of different blood pressure cut-offs used for normal out-of-office blood pressure readings and because of patients being inaccurately diagnosed with hypertension. 2 The 2013 European guidelines report an overall prevalence of 13%. 3 However, a recent review reported that 30%-40% of patients who are diagnosed with hypertension on the basis of their office blood pressure measurement alone have normal out-of-office blood pressure, according to ambulatory blood pressure measurements. 2 Ambulatory monitoring may be the most effective method for diagnosing and confirming whether patients are persistently hypertensive or experiencing white coat syndrome. 7, 8 Ambulatory monitoring should be used to confirm the diagnosis of white coat hypertension within 3 months, and then every 6 months thereafter, as well as to provide continued monitoring of these patients, as there is a risk of developing true hypertension. 9 In the clinical/office setting, measuring patient blood pressure in a quiet room with an automatic device may reduce the magnitude of the difference between office and out-of-office blood pressure measurements. 10, 11 Persistent hypertensive patients who have been unsuccessfully treated (resistant hypertensives) have been shown to demonstrate white coat hypertension as well. In a study of 497 outpatients who were being treated for hypertension, ambulatory blood pressure monitoring was conducted. Findings demonstrated that 63% of these patients were characterized as resistant hypertensives, whereas 37% had a normal ambulatory blood pressure measurement and were experiencing white coat resistant hypertension. 12 For this reason, it has been recommended that patients who start to have mildly or moderately high blood pressure measurements not be treated with medication unless there is targeted organ damage and their blood pressure remains high after three to six visits.
11,13
Patient profile for white coat hypertension Some research has shown that females, those older than 50 years, and nonsmokers are more likely to experience white coat hypertension. 6, [14] [15] [16] However, other research has shown that a patient's sex without associated confounding variables such as stress or anxiety does not determine whether one sex is more likely to develop white coat hypertension than the other. 2 When determining predictors of white coat hypertension, research has shown that high perceived stress levels in women were associated with white coat hypertension more than in men. Women may experience a different stress response to clinic visits than men, as evidenced by their blood pressure measurements, and this might explain the high percentage of women experiencing white coat hypertension in previous research. 17 The diagnosis of white coat hypertension has been shown to significantly increase with age. This could be a result of an age-related increase in arterial stiffness. 2 Furthermore, patients with white coat hypertension also present fewer and lower office systolic blood pressure measurements. 6, 14, 15 
Etiology
White coat hypertension was first discovered by Riva-Rocci in 1896, who described this phenomenon as an increase in blood pressure experienced only during a physician's visit. This was not quantitatively researched until 1983, when researchers recorded intra-arterial blood pressure in hospitalized patients over the course of a 24-hour period. 4, 18 Researchers found that the appearance of a physician was accompanied by an immediate increase in a patient's blood pressure and heart rate. The patient's blood pressure peaked 2-4 minutes after the start of the visit and remained high throughout the duration of the physician's visit. 2 One method of measuring and studying white coat hypertension has been with the use of microneurography, which measures the muscles and skin of the sympathetic nerve traffic. This is regulated by the reflexes in muscles and through emotional responses within the skin nerves. Results from a study researching white coat hypertension used this technique and found that pronounced activation of skin nerves and associated sympathetic inhibition of muscle nerve-traffic were demonstrated by participants when physicians either took blood pressure measurements or were present during these measurements. Researchers indicate that this response is similar to a "defense reaction" that has been demonstrated in animal models when they react to emotional stressors. Therefore, emotional factors such as anxiety or stress may 
135
white coat hypertension be responsible for this microneurographic response and the origin of white coat hypertension. 2, 19 Patients with white coat hypertension have been shown to be more prone to higher levels of anxiety compared with both normotensive individuals and patients with persistent high blood pressure. 20 This anxious emotional response may act as a mechanism in the development of white coat hypertension. However, research has also shown that patients who are prone to white coat hypertension do not hyperreact to all types of emotional stimuli. Instead, they only react to emotional stimuli that have been associated with a physician's office or the physician. 21 This situational anxiety was further investigated in a study conducted by Ogedegbe et al. 20 Findings from that research suggest that patients who experience white coat hypertension may have been classically conditioned to have high anxiety at physicians' offices as a result of negative or painful experiences with the medical office or physician. Consistent with past research, Ogedegbe et al found that when patients' blood pressure was measured by a physician, this resulted in a substantial increase in blood pressure compared with before the physician's entrance into the exam room. 20 Therefore, where blood pressure is taken and by whom can have a significant effect on the reported measurement and the patient's emotional response; these factors can subsequently play a role in the development of white coat hypertension in patients. 22 Furthermore, research has shown that those who expect to have a high blood pressure reading and/or are anxious about having a high blood pressure reading are more likely to have white coat hypertension. A study of 226 patients with normal and high blood pressure demonstrated this phenomenon. 23 This study involved using a visual analog scale to assess anxiety at multiple instances during their office visit with the physician, rather than only before or after the office visit. Participants' blood pressure was measured using a 24-hour ambulatory blood pressure monitor and by a mercury column sphygmomanometer and stethoscope. Results from this study indicated that patients who had expectations of high blood pressure when being measured experienced elevated blood pressure. The researchers noted this could be caused by state or situational anxiety regarding the environment they are in or caused by an anxiety related to their expectations, rather than being caused by a persistent trait anxiety of the patients. 23 The patient's perception of their blood pressure level has also been demonstrated to contribute to this situational anxious response. Labeling a patient as hypertensive solely on the basis of office readings can have a negative effect on their blood pressure levels, thus increasing their risk of demonstrating white coat hypertension in future office visits. This was demonstrated in a study conducted by Spruill et al, 24 in which the authors found that of 214 participants, those who had a physician tell them they had high blood pressure in the past, regardless of whether they were truly hypertensive or not, were more likely to report greater anxiety during the office visit than those who perceived themselves as normotensive. Thus, white coat hypertension based on ambulatory measurements was demonstrated most clearly in participants who saw themselves as hypertensive during their office visit, regardless of whether their perceptions were medically correct. 24 Therefore, both perception and the diagnosis by the physician play a major role in whether patients experience situational anxiety related to a medical setting and develop white coat hypertension. Researchers note there are two possible explanations that should be further researched. 24 One possible explanation for this finding is that patients who receive a diagnosis of hypertension may adopt a "sick role," in which they try to find consistency between their symptoms and diagnosis. As a result, this could lead them to "cause" high levels of blood pressure via their anxiety when visiting the doctor. Another explanation for this finding could be that individuals who believe they are hypertensive may anticipate more negative information during their physician's visit and, as a result, could experience greater anxiety, thus demonstrating white coat hypertension. However, other factors such as stress or the anticipation of stressful news could also contribute to increased anxiety during an office visit and should be further studied. 24 It is important to note the limitations of anxiety measurement in past studies. Situational anxiety has been measured by self-reports and interviewer measures, which can both be prone to bias. Therefore, further research is needed to better understand how situational anxiety plays a role in the white coat hypertension phenomenon.
Previous literature has also hypothesized that white coat hypertension is associated with metabolic syndrome. 25 Metabolic syndrome is defined as an elevated risk for cardiovascular disease and diabetes. The demonstration of metabolic syndrome includes three of five physiologically abnormal symptoms such as obesity, high triglycerides, high-density lipoprotein, high blood pressure, and dysglycemia. 26 A study following men aged 50 years and older for 20 years found that those who experienced white coat hypertension had a higher body mass index after a 20-year follow-up, higher triglycerides than normotensive men at the initial appointment, and higher plasma glucose than normotensive men. Other research has indicated participants who had white coat hypertension were more likely to develop diabetes than normotensives. 28 
Consequences of patient anxiety and white coat hypertension
It is important to consider the consequences of patient anxiety and white coat hypertension. There is evidence that white coat hypertension is associated with mild and severe physical health outcomes and an increased risk of developing sustained hypertension. 29 Patients with white coat hypertension often progress to sustained hypertension. In a study following 1,412 patients who participated in the Pressioni Arteriose Monitorate E Loro Associazioni (PAMELA) study, 16.1% of patients had white coat hypertension at their initial examination. At their 10-year follow-up, 42.6% of those with white coat hypertension developed sustained hypertension. 30 This could be a result of the physiological changes patients experience over time.
The physiological changes were investigated in a study conducted by Glen et al. 31 Using identifiable markers of hypertensive cardiovascular disease, they examined whether individuals with white coat hypertension physiologically differed from patients with a diagnosis of persistent hypertension versus individuals with normal blood pressure. Sixty-five patients between the ages of 45 and 75 years who had no past history of a clinical disease such as cardiovascular or heart valve disease participated in this study. Blood pressure was taken with a semiautomatic oscillometric device without the presence of a physician or staff, and ambulatory blood pressure was measured for 28 hours with a device recording blood pressure every 15 minutes during the day and every 20 minutes during the night. Diastolic function was measured by a pulsed-wave Doppler. Results from this study indicated similar abnormalities in cardiovascular function in patients with white coat hypertension and in those with a diagnosis of hypertension. Both groups presented with larger arteries and diastolic left ventricular abnormal function, and they also demonstrated similar abnormalities of stiffness and elasticity of the large arteries compared with individuals with no known past history of hypertension. Patients with white coat hypertension demonstrated functional cardiovascular abnormalities without identifiable structural abnormalities. Thus, these markers increased the risk for a future diagnosis of sustained hypertension for participants who exhibited white coat hypertension. The researchers noted these functional abnormalities can be reversed by antihypertensive treatment. Therefore, early intervention is important and will hinder the progression of hypertension in patients with white coat hypertension. This early detection would also decrease the development of cardiovascular disease, functional abnormalities such as microalbuminuria, and target organ damage, which have been associated with white coat hypertension. 31 A recent meta-analytic review of ten studies reported that carotid atherosclerosis was significantly greater in patients with white coat hypertension compared to those without hypertension. 32 This targeted organ damage was also recently found in a review conducted by Martin and McGrath. 29 This review consisted of ten previous studies measuring target organ damage that used left ventricular mass as their measure of organ damage. Six of these studies found an increase in left ventricular mass in those who experienced white coat syndrome compared with normotensive patients. In addition, a meta-analysis of 25 studies reported a similar effect of increased left ventricular mass for those with white coat syndrome. 33 The consequences of experiencing this physiological change along with situational anxiety can also have a negative effect on the patient's quality of life. Although these negative effects have not been researched in patients with white coat hypertension, hypertension has been extensively researched in terms of its effect on optimal health, quality of life, and adherence to medication. Although those with white coat hypertension do not exhibit the consistent diagnostic measures of persistent hypertension, they are at an increased risk of developing persistent hypertension as their age progresses and without hypertensive treatment, as discussed by Mancia et al. 30 Research has indicated that awareness of hypertension is associated with poor health-related quality of life. In a study of 497 Finnish patients, those who were aware of their diagnosis demonstrated lower scores in physical functioning and general health than patients who were unaware of their hypertension. This awareness could lead to a lower quality of life and lower satisfaction with life. However, the researchers noted this could have been a result of the adverse effects of their antihypertensive medication, with 47% of the participants taking at least one high blood pressure medication and 34% taking three medications. 34 These results have also been found in 519 patients who were asked to self-assess their well-being. Those diagnosed with hypertension had significantly lower general health-status scores compared with normotensives and were more likely to be receiving more than one medication. 35 Therefore, patients who are aware of their diagnosis and are being treated with more than one antihypertensive medication are more likely to report a lower quality of life. Inadequate control of persistent hypertension has been shown to be associated with low medication adherence, possibly as a result of the medication's adverse effects. Nonadherence has negative consequences on disease progression and outcomes; it is estimated that half of the patients diagnosed with hypertension do not adhere to their prescribed medications, and fewer than one in three patients have controlled blood pressure. 36 A review by Kjellgren et al 37 reported that a patient's lack of knowledge about the provider-patient decision-making process regarding prescribing antihypertension medication can contribute to nonadherence to the treatment plan. Therefore, communication and collaboration between the patient and their health care provider is a critical factor in both adherence to their treatment regimen and optimal health. 37 As a result, improving communication between the patient and their health care provider is crucial in maintaining and improving their health.
Improving the patient-health care professional relationship through communication, empathy, and trust
White coat hypertension may be addressed through the development of a therapeutic relationship between physician and patient. Effective communication and relationship building can reduce the patient's anxiety about their illness and about their interaction with a physician. This is not to imply that talking more before obtaining blood pressure readings will reduce blood pressure but, instead, that physicians' overall attention to effective communication and empathy may increase trust and reduce the patient's anxiety, which can contribute to white coat hypertension.
Communication between physicians and patients is often considered a cornerstone of good medical care. Effective physician-patient communication has two primary functions: instrumental exchange and affective communication. 38, 39 Instrumental exchange is focused on the tasks of the medical visit, the process of information exchange, and the discussion of biomedical issues. 40 demonstrated that warmth, positivity, and active listening, all of which were displayed nonverbally, were significantly associated with improved patient satisfaction. There is also increasing emphasis on patient-centered communication, in which the physician treats the patient as a whole person and strives to understand the patient's perspective and beliefs about their illness and treatment. 41, 42 An association has been found, for example, between patient perceptions of physician patient-centered communication and greater levels of patient recovery from discomfort and concern after their medical visit. 43 Research indicates that both affective and instrumental communication are predictive of patient outcomes such as patient satisfaction, 44 patient adherence, 45 and health-related outcomes. 46, 47 Other areas of physician-patient communication that can be addressed to attempt to reduce patient anxiety and potentially reduce white coat hypertension are empathy and trust. Empathy involves understanding the patient's feelings and experience and communicating that understanding to the patient. 48 It involves affective, cognitive, and communicative components. Physicians practicing empathy may engage in behaviors such as eliciting patient feelings or concerns, reflecting those concerns back to the patient, and actively listening to the patient. The physician's empathy has been found to be related to patient outcomes, such as patient adherence and patient satisfaction. For example, a recent review examined seven studies that correlated physician empathy with various outcomes and reported a significant relationship between physician empathy and lower patient anxiety levels. 49 Compassion is a quality similar to empathy. One study showed patients a videotape of a physician showing high levels of compassion. 50 Participants who saw the "high compassion" video felt significantly less anxious after viewing it.
Studies have shown that physicians can improve their empathy through training in communication skills. For example, one study of training in communication skills for primary care physicians revealed a 37% increase in ratings of physician empathy from baseline to follow-up. 51 A study examining the effects of a 3-day course in communication skills for oncologists demonstrated a significant increase in videotaped expressions of empathy in those physicians who took the course. 52 In such courses, physicians are trained in communication skills through role play, videotape review of 
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Cobos et al medical visits, and group discussion, among other techniques. Training courses can be particularly helpful for more experienced physicians, in addition to residents and those at earlier stages of their medical careers. 53 Trust in one's physician may also play a significant role in reducing anxiety during an office visit. A key component of the development of trust is forming a caring, respectful relationship with patients through good communication, sharing in decision-making, and providing good technical care and correct treatment. 54 One way trust may be achieved is by having adequate time to spend with patients, as patients may feel more anxious when their physician is rushed or hurrying. Some recent evidence indicates the average length of a primary care office visit is 15 minutes, 55 and time constraints may have effects on the physician-patient relationship. For example, listening to the patient's concerns, understanding the patient's perspective regarding their illness and treatment, and answering patient questions all take time, and when these actions are combined with the other tasks of the medical visit, time pressures can be a constraint for both the physician and patient.
Training in communication skills
Extensive theoretical and empirical literature has addressed the issue of improving communication between medical providers and patients, [56] [57] [58] and training programs and courses in communication skills have grown in recent years. Most medical schools now involve coursework in communication and interpersonal skills, and training programs are also conducted at other levels, such as in residency programs and with practicing physicians. However, most who work in the area would agree that such training is still fairly limited. 59 Often, physicians are trained and practice skills through role-play activities, via analysis of videotapes of medical interactions, and through the development of techniques they can use in their own practice. A recent review of interventions to improve physician-patient communication examined 15 studies of the effects of communication interventions on cardiovascular disease outcomes. 60 Only four of the studies reported a significant effect of communication skills intervention on clinical cardiovascular-related outcomes, highlighting the need to make methodological improvements in future studies assessing the relationship between communication and health outcomes.
Because central components of white coat hypertension include anxiety and emotional distress, it is useful to examine studies of interventions to improve communication skills that focus on emotional outcomes. Roter et al 61 randomized
physicians to an 8-hour training program focused on defining patients' emotional concerns and responding to those emotions. Results indicated that the trained physicians made a stronger effort to treat emotional concerns of patients, and patients subsequently showed reduced emotional distress up to 6 months later. Another study with cancer patients focused on the effects of physician communication skills training on patient anxiety after a medical visit. 62 These authors found that supportive communication and asking questions designed to elicit other concerns that had not been addressed were correlated with reduced anxiety.
Another aspect of communication skills training is training for patients. Often, such training programs involve improving patient participation and involvement in care through such techniques as question asking or coaching before their medical visit. 63 One intervention involved patients preparing before the medical visit by listing questions to ask their physician; patients who listed and asked questions reported being less anxious. 64 Researchers of another study of men newly diagnosed with prostate cancer attempted to increase their selfefficacy by giving them information and a list of questions to ask before their physician visit. 65 Results indicated that men who received this intervention had significantly lower state anxiety 6 weeks later. Improving information-giving and exchange between providers and patients may be an important avenue to reduce patient anxiety and fear, as patients become more focused on providing and seeking information. Patient training programs have a positive effect on outcomes, such as adherence to treatment, as demonstrated in a study involving asking patients to complete a communication training booklet before their appointment. 66 Findings of this study revealed better adherence to medication, behavior change, and appointment keeping in patients who were trained.
Future directions of the patienthealth care professional relationship
There may be other techniques that can, in the future, enhance the provider-patient relationship, and thereby reduce patient anxiety and white coat hypertension. Ideally, the utilized techniques should focus on providing information and reducing stress before office visits. Some past interventions to improve patient communication, for example, have involved waiting room interventions to improve communication about pain by using health educators 67 and increasing patient-initiated communication through having health educators coach participants to ask questions and to express concerns. 68 Interventions using health educators might be useful in working with patients to reduce stress and anxiety before medical visits. Telemedicine presents another alternative for changing the physician-patient relationship to reduce white coat hypertension and anxiety. There are many methods of telemedicine, such as email communication and interactive video medical visits, that could be used to change the typical communication process and potentially reduce anxiety. There is evidence that patient-centered communication and patient involvement in care can still occur in telemedicine at the same level as they do in face-to-face interactions. 69 Studies show that patient satisfaction can be achieved through this form of medical care, but much more research in this area is needed. 70 When using telemedicine for hypertension care, studies have shown the potential to improve the accurate diagnosis of essential hypertension as well. The telemedicine service consists of using an automatic home blood pressure monitor connected to a landline telephone to transmit the data. The blood pressure readings are then transmitted to the patient's physician. Results from this study indicated that 64% of patients using this service were diagnosed with essential hypertension, whereas only 26% of patients not using this service were correctly diagnosed with hypertension. Furthermore, those in the telemedicine service group were able to have a diagnosis earlier than those not using this service. 71 Not only are patients able to be diagnosed earlier in the illness's progression, but past research has also demonstrated that the use of telemedicine can improve medication adherence and blood pressure control, along with improving health outcomes, thereby possibly also reducing the use of health care services and associated costs. 72 Although this use of technology has not been studied in patients with white coat hypertension, the results and implications of these previous studies could have beneficial effects on these patients, leading to a greater likelihood of optimal health.
Conclusion
White coat hypertension is a common medical problem in which a patient presents high blood pressure levels in the physician's office, yet the readings return to normal levels when the patient is in their typical environment. Because of this condition, many patients may be misdiagnosed and unnecessarily treated for persistent hypertension. White coat hypertension may be caused by increased anxiety while at the physician's office and/or in the presence of the physician. There is evidence that negative health outcomes, such as target organ damage, are associated with white coat hypertension. In addition, over time, white coat hypertension can progress to sustained hypertension. Changing the typical protocol for office blood pressure measurement is recommended, although it is also useful to attempt to reduce the common issue of patient anxiety. Improving interactions and communication between a patient and their health care provider can decrease a patient's anxiety, which can also decrease a patient's likelihood of developing white coat hypertension. Training health care providers to improve communication by actively listening to the patient and by including the patient in the decision-making process has been shown to effectively decrease patient anxiety, along with improving treatment adherence. Likewise, training patients to ask questions and express concerns can also increase communication between the patient and the physician. Improving patient and health care provider interaction through effective communication, empathy, and trust can reduce anxiety and lessen the negative effects associated with white coat hypertension. As illustrated by the idea of common factors theory, any interventions to improve communication skills are grounded in the common ideas of empathy, collaboration, and the therapeutic alliance. 73 Thus, efforts to improve provider-patient communication and reduce patient anxiety should be based in these underlying general principles.
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